SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT I, Naoki Nakamura, a 
citizen of Japan residing at Kawasaki, Japan have 
invented certain new and useful improvements in 

MULTILAYER WIRING BOARD, MANUFACTURING METHOD 
THEREFOR AND TEST APPARATUS THEREOF 



of which the following is a specification:- 
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electronic components . 

A description will be given of the 
conventional built-in component type multilayer 
wiring board, with reference to FIGS. 1 and 2. FIG. 
1 shows a multilayer wiring board 100. In the 
multilayer wiring board 100, electronic components 
are mounted on a base board 101 having rigidity, and 
the base boards 101 are stacked by hollowing out 
prepreg material corresponding to areas where the 
electronic components are mounted. 

The base board 101 of the multilayer 
wiring board 100 is formed by completely cured resin 
including glass cloth and has a preachieved rigidity 
On the other hand, generally, the prepreg material 
is a resin sheet made by mixing glass cloth and 
adhesive resin, and in a semi-cured state (referred 
to as stage" in this industry) . The glass cloth 
included in the prepreg material interferes with 
(occupies space for) the electronic component. Thus 
a part of the prepreg material is hollowed out so as 
to secure space for the mounted electronic 
components. The multilayer wiring board 100 as 
shown in FIG. 1 is formed by appropriately stacking 
such base boards 101 and prepreg material, and 
performing a complete curing process on the prepreg 
material . 

Accordingly, the conventional multilayer 
wiring board 100 is formed by stacking the base 
boards 101 each having high rigidity and prepreg 
layers 102 formed by performing the complete curing 
process on the prepreg material. A component 105 is 
arranged on a wiring pattern 103 in a space 104 
within the prepreg layer 102. Further, a reference- 
numeral 107 denotes a contact hole penetrating the 
layers. Inside the contact hole 107, wiring 109 
made of copper or the like is formed. 

FIG. 2 shows another conventional built-in 
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component type multilayer wiring board 110. In FIG. 
2, those parts that are the same as those 
corresponding parts in FIG. 1 are designated by the 
same reference numerals, and a description thereof 
5 will be omitted. The multilayer wiring board 110 is 
manufactured in the same way as the multilayer 
wiring board 100 shown in FIG. 1 and has a structure 
similar to that of the multilayer wiring board 100. 
However, filling resin 111 for reinforcement is 

10 filled in a space 104 of a prepreg layer 102. 
Accordingly, the multilayer wiring board 110 
requires more manufacturing processes than the 
multilayer wiring board 100. However, the 
multilayer wiring board 110 has higher reliability 

15 than the multilayer wiring board 100 shown in FIG. 1. 

However, as mentioned above, the 
conventional multilayer wiring boards shown in FIGS. 
1 and 2 are formed by stacking the base boards 101 
and prepreg layers 102 after manufacturing processes 

20 of hollowing out the parts of the prepreg material 
corresponding to the mounted components. Thus, the 
number of manufacturing processes increases since 
additional operations such as hollowing out the 
prepreg material, positioning the mounted components 

25 in the space formed in the prepreg material and the 
like are required. Further, the operation of 
positioning the holes in the prepreg material is an 
operation requiring particular accuracy. 

Additionally, the multilayer wiring boards 

30 100 and 110 shown in FIGS. 1 and 2, respectively, 
are manufactured by a single press process after 
preparing a plurality of base boards 101 and the 
prepreg layers 102. Therefore, tests of these 
multilayer wiring boards are mainly local tests 

35 performed on each component before stacking and 
evaluation tests of finished multilayer wiring 
boards. Therefore, it is not possible to perform 
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of the present invention, it is possible to 
manufacture the multilayer wiring board including 
the frame resin layer having a preachieved rigidity 
and maintaining the form of the multilayer wiring 
5 board and the resin layer including the electronic 
components buried therein without including 
processes such as hollowing out the material and 
adjusting the position of the space. Thus, 
according to the manufacturing method of the 

10 multilayer wiring board according to the present 

invention, it is possible to simplify the processes 
and to manufacture the multilayer wiring board at a 
low cost compared with the conventional method. 

Additionally, in order to achieve the 

15 second object, according to another aspect of the 
present invention, there is provided a test 
apparatus used for evaluating a multilayer wiring 
board formed by successively stacking layers, 
including: a probe part configured to be connected 

20 to an incomplete multilayer wiring board that is in 
a half finished state before completion; and a 
supplementary part supplementing an element of the 
complete multilayer wiring board, the incomplete 
multilayer wiring board lacking the element. 

25 Additionally, according to another aspect 

of the present invention, in the above-mentioned 
test apparatus, the supplementary part may include 
layer wiring of the complete multilayer wiring board, 
the incomplete multilayer wiring board lacking the 

30 layer wiring. 

According to the above-mentioned aspects 
of the present invention, it is possible to perform 
an evaluation test suitable for the complete 
multilayer wiring board on the incomplete multilayer 

35 wiring board. Thus, it is possible to manufacture 
the complete multilayer wiring board while checking 
the operations and functions of circuits when the 



multilayer wiring board includes such as an IC chip 
as the electronic component. 

Additionally, according to another aspect 
of the present invention, there is provided a 
manufacturing method of a multilayer wiring board, 
wherein: the multilayer wiring board is manufactured 
while successively testing an incomplete multilayer 
wiring board using a test apparatus used (designed) 
for evaluating the multilayer wiring board; and the 
test apparatus including: a probe part configured to 
be connected to the incomplete multilayer wiring 
board in a half finished state before completion; 
and a supplementary part supplementing an element of 
a complete multilayer wiring board, the incomplete 
multilayer wiring board lacking the element. 

Additionally, according to another aspect 
of the present invention, in the above-mentioned 
manufacturing method, the supplementary part may 
include layer wiring of the complete multilayer 
wiring board, the incomplete multilayer wiring board 
lacking the layer wiring. 

According to the above-mentioned aspects 
of the present invention, a test on the incomplete 
multilayer wiring board may be also performed in 
addition to a local test on each component and a 
test on the complete multilayer wiring board. Thus, 
it is possible to improve the yield of the complete 
multilayer wiring board and to lower the 
manufacturing cost thereof. 

Other objects, features and advantages of 
the present invention will become more apparent from 
the following detailed description when read in 
conjunction with the following drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram showing a 
conventional built-in component type multilayer 
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wiring board; 

FIG. 2 is a schematic diagram showing 
another conventional built-in component type 
multilayer wiring board; 
5 FIG. 3 is a schematic diagram showing the 

general structure of a built-in component type 
multilayer wiring board according to an embodiment 
of the present invention; 

FIG. 4 is a schematic diagram showing the 
10 first part of the preferred manufacturing processes 
of the multilayer wiring board according to the 
embodiment; 

FIG. 5 is a schematic diagram showing the 
latter part of the preferred manufacturing processes 
15 of the multilayer wiring board according to the 
embodiment; and 

FIGS. 6A and 6B are schematic diagrams 
showing a test apparatus used in the manufacturing 
processes of the multilayer wiring board. 

20 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A description will be given of embodiments 
of the present invention, by referring to the 
drawings. FIG. 3 is a schematic diagram showing a 

25 general structure of a built-in electronic component 
type multilayer wiring board 1 according to an 
embodiment of the present invention. 

In FIG. 3, a frame resin layer 11 
corresponds to a conventional base board. The frame 

30 resin layer 11 has rigidity to maintain the form of 
the multilayer wiring board 1. The frame resin 
layer 11 is a completely cured resin layer including 
at least one of glass cloth, filler, and nonwoven 
fabric, for example. 

35 More specifically, the frame resin layer 

11 is completely cured including glass cloth as its 
frame and resin surrounding the glass cloth. 



-9- 



Additionally , fragments of filler or nonwoven fabric 
may be further included in the resin. Further, the 
frame resin layer 11 may not include glass cloth but 
include fragments of filler or nonwoven fabric. The 
5 frame resin layer 11 may have the desired rigidity 
and does not include electronic components. 

A wiring pattern 13 is formed on one side 
or both sides of the frame resin layer 11. Active 
electronic components such as an IC chip 15 and 

10 passive electronic components such as a coil and a 
condenser are connected at predetermined positions. 

The reference numeral 12 denotes a resin 
layer having built-in components (referred to as 
"resin layer 12", hereinafter). The resin layer 12 

15 includes electronic components 15 and 16 such that 
the electronic components 15 and 16 are buried 
therein. The electronic components 15 and 16 are 
buried in the resin layer 12 during the 
manufacturing processes. The manufacturing 

20 processes thereof will be described later. The 
multilayer wiring board 1 according to this 
embodiment is manufactured by sequentially stacking 
the frame resin layers 11 and the resin layers 12 by 
the build-up method. When manufacturing the 

25 multilayer wiring board 1 by the build-up method, as 
shown in FIG. 3, the wiring pattern 13 may also be 
formed on a surface of the resin layer 12 the same 
as the frame resin layer 11, and the electronic 
component 15 may be connected to the wiring pattern 

30 13 thereof. That is, as shown in FIG. 3, two or 
more of the resin layers 12 may be stacked 
success ively . 

The above-mentioned resin layer 12 
includes only resin, or resin and at least one of 

35 filler or nonwoven fabric. Since the electronic 

components 15 and 16 are buried in the resin layer 
12, it is not desirable to use glass cloth that 
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would be an obstacle in burying the electronic 
components 15 and 16. On the other hand, it is 
preferable for the resin layer 12 to have high 
rigidity. Accordingly, it is preferable for the 
resin layer 12 to have improved rigidity by 
including filler or nonwoven fabric in a distributed 
manner. When the filler or nonwoven fabric is 
formed in fragments and distributed in the resin, 
the filler or nonwoven fabric will not be an 
obstacle to burying the electronic components 15 and 
16. Fragments of filler, silicon or ceramic 
material may be used, for example. The shapes of 
the fragments are not limited. In addition, glass 
fiber may be used for the fragments of nonwoven 
fabric . 

The same applies to filler or nonwoven 
fabric used for the above-mentioned frame resin 
layer 11. It should be noted that the filler or 
nonwoven fabric of the resin layer 12 needs to have 
the size and the density that will not be an 
obstacle in burying the electronic components 15 and 
16. However, in the case of the frame resin layer 
11, there is no such limitation. 

The resin used for forming the resin layer 
12 is a thermosetting resin sheet. The thermosetting 
resin sheet is in the B stage, that is a semi-cured 
state, and is deformed corresponding to the shapes 
of the electronic components 15 and 16. When the 
thermosetting resin sheet is heated and pressured by 
press working, the resin is softened and further 
deformed so as to correspond to the shapes of the 
electronic components 15 and 16. Thereafter, the 
resin is cooled and completely cured. Thus, the 
resin layer 12 including the electronic components 
15 and 16 buried therein is formed. 

It should be noted that similar to the 
conventional multilayer wiring board, in the 
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multilayer wiring board 1, wiring 21 is formed 
inside contact holes 20, and the wiring patterns 13 
between the layers are electrically connected. 

FIGS. 4 and 5 are schematic diagrams 
5 showing preferable manufacturing processes of the 
above-mentioned multilayer wiring board 1. FIG. 4 
shows the first part of the manufacturing processes, 
and FIG. 5 shows the successive manufacturing 
processes of the multilayer wiring board 1. 

10 In a process shown in FIG. 4- (A) , the 

wiring pattern 13 , the contact hole 20 and the 
wiring 21 are formed on both sides of the frame 
resin layer 11 using a conventional 
exposure/developing technique, plating technique, 

15 etching technique and the like. 

In the next process, as shown in FIG. 4- 
(B) , the electronic components 15 are mounted on the 
wiring patterns 13, and thus a first incomplete 
multilayer wiring board 1-B is formed. An 

20 evaluation test is performed on the incomplete 

multilayer wiring board 1-B using a test apparatus 
that will be described later. The incomplete 
multilayer wiring board 1-B that is determined to be 
defective is fixed or disposed of. Only the normal 

25 incomplete multilayer wiring board 1-B is processed 
in the next process as shown in FIG. 4-(C) . 

It should be noted that, in the following, 
a description will be omitted of an evaluation test. 
However, when the same evaluation test is performed 

30 after each of the steps, and only the normal 

incomplete multilayer wiring board is processed in 
the next process, it is possible to improve yield of 
complete multilayer wiring boards. It is not always 
necessary to perform the evaluation test after every 

35 process. The evaluation test may be performed after 
specific processes . 

In the next process, as shown in FIG. 4- 



(C) / a press working of heating and pressuring is 
performed after placing resin sheets in a B-stage 
state on both sides of the frame resin layer 11. As 
mentioned above, the resin sheet has a thermosetting 
property, and may include filler or nonwoven fabric 
in fragments. By performing this process, the resin 
sheet is completely cured and the resin layers 12 
including buried electronic components 15 therein 
are formed on both sides of the incomplete 
multilayer wiring board 1-B. Thereafter, the wiring 
patterns 13 are formed on a surface of each of the 
resin layers 12. 

In the next process, as shown in FIG. 4- 

(D) , the electronic component 15 is mounted on the 
lower side resin layer 12. 

Additionally, in the next process, as 
shown in FIG. 4- (E) , the second frame resin layer 11 
is mounted on the upper side of the resin layer 12. 
The resin sheet for forming the resin layer 12 that 
buries the electronic component 15 mounted in the 
former step (refer to FIG. 4- (D) ) is placed on the 
lower side resin layer 12. Thereafter, press 
working of heating and pressuring is performed. 

In the next process, as shown in FIG. 5- 
(A) , the electronic components 15 and 16 are further 
mounted on a surface of the frame resin layer 11. 
Also, another electronic component 15 is mounted on 
a surface of the resin layer 12. Then, in the last 
process, as shown in FIG. 5-(B), resin sheets are 
placed on both sides as mentioned above so as to 
bury the electronic components 15 and 16 in the 
resin layer 12. At last, the complete multilayer 
wiring board 1 as shown in FIG. 3 is obtained by 
forming the wiring patterns 13 on both sides. 

As described above, it is possible to 
perform the evaluation test on the incomplete 
multilayer wiring boards shown in FIG. 4- (C) , FIG. 
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4-(D), FIG. 4-(E) and FIG. 5- (A) as well as the 
incomplete multilayer wiring board 1-B shown in FIG. 
4-{B) so as to improve the yield of the complete 
multilayer wiring board 1 shown in FIG. 5-(B). A 
5 finished product test is performed on the complete 
multilayer wiring board 1 the same as the 
conventional multilayer wiring board. 

In this embodiment, a case is shown where 
the multilayer wiring board 1 includes two frame 

10 resin layers 11. However, the number of the frame 
resin layers 11 may be varied in accordance with 
required intensity . 

FIGS. 6A and 6B are schematic diagrams 
showing a test apparatus that can be suitably used 

15 in the above-mentioned manufacturing processes. In 
FIGS. 6A and 6B, a case is shown where a test is 
performed on the incomplete multilayer wiring board 
1-B manufactured in the process shown in FIG. 4-(B) . 
Additionally, FIGS. 6A and 6B only show parts 

20 characteristic of the test apparatus when compared 
with a conventional test apparatus, and the other 
parts are not shown. 

The test apparatus includes an upper test 
jig 50 for contacting the upper surface of the 

25 incomplete multilayer wiring board 1-B, and a lower 
test jig 60 for contacting the lower surface of the 
incomplete multilayer wiring board 1-B. FIG. 6A 
shows a state where the incomplete multilayer wiring 
board 1-B, the upper test jig 50 and the lower test 

30 jig 60 are separated from each other. FIG. 6B shows 
a state where the incomplete multilayer wiring board 
1-B contacts the upper test jig 50 and the lower 
test j ig 60 . 

The upper test jig 50 includes a layer 

35 wiring part 55 formed above the incomplete 

multilayer wiring board 1-B, which layer wiring part 
55 is incorporated in the complete multilayer wiring 
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board 1. The upper test jig 50 is provided with 
probe pins 52 for connecting with the incomplete 
multilayer wiring board 1-B and a probe board 51 for 
supporting the probe pins 52 . 
5 Similarly, the lower test jig 60 includes 

a layer wiring part 65 formed below the incomplete 
multilayer wiring board 1-B. The lower test jig 60 
is provided with probe pins 62 and a probe board 61 
for supporting the probe pins 62. Basically, the 

10 lower test jig 60 should include a resin layer 12 as 
the top layer of the layer wiring part 65. However, 
the layer wiring part 65 does not include the frame 
resin layer 11 that maintains the layer structure. 
Thus, the layer wiring part 65 includes a 

15 reinforcing layer 65A instead of the frame resin 

layer 11. The reinforcing layer 65A is similar to 
the frame resin layer 11 and has high rigidity. 
Basically, the part where the reinforcing layer 65A 
is formed should be the resin layer 12 that buries 

20 the electronic components. However, this is not a 
problem since, as shown in FIGS. 6A and 6B, the 
electronic components 15 and 16 on the lower surface 
of the incomplete multilayer wiring board 1-B are 
not buried. 

25 As mentioned above, the test is performed 

by supplementing elements that the incomplete 
multilayer wiring board 1-B lacks by providing such 
elements to the jigs 50 and 60 of the test apparatus. 
Accordingly, it is possible to perform a continuity 

30 test. At the same time, it is also possible to 

check functions of electronic components such as an 
IC chip. 

In the above-mentioned test apparatus, the 
test is made possible by causing the upper test jig 
35 50 and the lower test jig 60 to include the 

respective layer wiring (elements) . However, the 
elements lacking may be provided not to the test 
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j igs 50 and 60 but to the test apparatus. 
Additionally, circuit conditions corresponding to 
the layer wiring parts may be set in the test 
apparatus instead of forming the actual layer wiring 
5 parts as described above. 

The test apparatus as shown in FIGS. 6A 
and 6B is for the incomplete multilayer wiring board 
1-B as shown in FIG. 4- (B) . However, the same 
evaluation test may be performed on the incomplete 

10 multilayer wiring boards as shown in FIGS. 4- (C) 
through 5- (A) when respective jigs are provided. 

As described above, only quality products 
are used in the manufacturing processes while 
successively performing the tests on the incomplete 

15 multilayer wiring boards using the above-mentioned 
test apparatus. Therefore, it is possible to 
improve the yield of the complete multilayer wiring 
board . 

Further, it should be noted that the 

20 above-mentioned test apparatus may be applied to not 
only the built-in component type multilayer wiring 
boards but also general multilayer wiring boards 
manufactured by the build-up method. 

Additionally, in FIG. 3, a case is shown 

25 of the multilayer wiring board 1 formed by stacking 
the frame resin layers 11 and the resin layers 12 by 
the build-up method. However, the multilayer wiring 
board according to the present invention may be 
manufactured by stacking all the layers at one time. 

30 In this case, the multilayer wiring board may be 
manufactured with a single press working by 
preparing in advance the desired number of frame 
resin layers 11 mounting the electronic components — 
15 and 16 as shown in FIG. 4- (B) , and inserting the 

35 resin layers 12 in between the above-mentioned frame 
resin layers 11 based on a stacked layers design. 
However, in a case of stacking all the layers at one 



-16- 

time, the resin sheets that form the resin layers 12 
are in a semi-cured state (B stage) . Accordingly , 
it is difficult to realize a form in which the resin 
layers 12 are stacked successively and the 
5 electronic components 15 are included in the resin 
layers 12 , all at the same time. 

The present invention is not limited to 
the specifically disclosed embodiments, and 
variations and modifications may be made without 
10 departing from the scope of the present invention. 

The present application is based on 
Japanese priority application No. 2002-047979 filed 
on February 25 , 2002, the entire contents of which 
are hereby incorporated by reference. 

15 



